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SUMI.IARY 



Previous testa of the P-65A-I airplane showed that 
when the center-of -gravity range for desirable steady- 
maneuvering stick- force gradients was Increased by 
resorting to experimental elevators of increased aero- 
dynamic balance in combination with a bobwolght, the 
stick forces during ropld control movements becazoe unduly 
light and the control-free longitudinal short-period 
osclllatiohs became too lightly da-^ped. In order to 
improve these control characteristics, a control- 
feel device was developed which increased the stick force 
zieoesaary to deflect the stick rapidly without affecting 
the steady-state stick force characteristics. Briefly, 
this device consisted of a viscous damping cylinder and 
a coil spring connected in series between the control 
stick and the airplane structtare. Rapid movements of the 
stick by the pilot deflected the spring which developed 
resisting forces on the stick that could subside through 
action of the damping cylinder if the stick was held 
steady in any position. Therefore in making a rapid 
pull-up, for instance, it was expected that the device 
would sux>ply a stick force proportional to elevator 
deflection in the initial stage of the maneuver and that 
this stick force would gradually disappear as the stick 
force due to the bobwelght increased. As a result, the 
over-all stick force variation would appro:dmate t^ 
satisfactory type of force variation obtained with a 
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conventional unbalanced elevator. With controls free, 
any rapid oaclllatlon of the elevator caused the spring 
of the control-feel deMce to deflect in such a manner 
that the oscillation tended to dan^. out.- 

Fli^t tests of the device Included determinations 
of the characteristics of the airplane In steady turns. 
In control-free short-period osclllatlcais; in stick- 
release pull-ups, and In rapid controlled pull-ups. The 
tests covered wide ranges of both center -.of -gravity 
location and altitude. Brief tests were also made of a 
device which supplied a small amount . of viscous friction 
to the elevator control system. Some Important results 
of the tests were the following. ' 



The center -of -gravity range for desirable steady- 
maneuvering stick force gradients with the experimental 
elevators and bobwel^t was 7I percent of the mean aero- 



dynamic chord as compared to 3 percent of the mean aero- 
dynamic chord with the production elevators. Furthermore, 
with the experimental elevators and bobwelcJtit, the center- 
of-gravity range could bo Increased appreciably beyond 
7 ^ percent mean aerodynamic chord without encountering 

steady-maneuvering stick force gradients deviating greatly 
from desirable values (3 to 8 pounds per g) whereas with 
the production elevators, excessively heavy or excessively 
light stick force gradients would occxir If the centerrof- 
gravlty range was extended much beyond 5 percent mean 
aerodynamic chord. Addition of the control-feel device 
to the elevator control system brou^t about m^ked 
Improvement In both the control feel auid dynamic stability 
characteristics. At some speeds, the control-feel device 
Increased the stick force necessary to deflect the stick 
rapidly by a fefctor between 2 and 5 caused! an other- 
wise continuous control-free short-period oscillation to 
damp out within 1 ^ cycles. The other device, which 

supplied a small amount of viscous friction ( 0.2 pound 
stick force per Inch per second velocity of the stick 
grip) had no appreciable effect on the control-free dynamic 
stability. 



It was found from the teats that althouj^ the 
control-feel device provided satisfactory control charac- 
teristics at a given speed it became less effective' at 
hl^er speeds. Also, In the form tested,- the device did 
not eliminate stick forces caused by the response of the 
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bobwel^t to changes In normal acceleration In rou^ alri 
To correct both of these shortcomings It IS STj^gested 
that the boll spring of the control-feel device be 
replaced 'vlth a smll airfoil or flap having prearranged 
hinge moment characteristics. 

Ohe possible application of the control-feel device 
to an elevator control system with a power booster which 
normally reduces the pilots effort to sero Is pointed 
out. 



INTRODTTCTION 



At the request of the Air Materiel Command, Aznny Air 
Forces, an extensive fllcht teat program was undertaken 
to develop elevators for the P-65A-I airplane which woTild 
provide desirable longitudinal handling; characteristics 
over a conter-of-gravlty range of 10 percent of the mean 
aerodynamic chord for any altitude between 50OO 
25»000 feet. The production elevators gave desirable 
handling characteristics for a center-of -gravity range of 
3 percent of the mean aerodynamic chord for the specified 
altitude range. During previous tests, a combination 
of a highly balanced elevator and a bobwelght was developed 
which provided desirable steady maneuvering stick force 
characteristics over the specified center- of -gravity and 
altitude ranges. However, the control-feel characteristics 
of this elevator were considered unsatisfactory by the 
pilots, mainly because the large aerodynamic balance 
necessary made the control oversensitive In rapid 
disturbances of the stick, whether these disturbances 
were Ineulvertent or Intentional on the part of the pilot. 
Also, the use of a bobwelf^t or a large positive floating 
tendency (udilch was necessary to raise the general level of 
the steady-maneuvering stick force gradients) In com- 
bination with the large aerodynamic balance, was found to 
cause poor control-free dynamic stability and undesirable 
control-feel characteristics when flying through rou^ 
air. A discussion of the types of control-feel difficulties 
encountered may be found In reference 1. Reference 1 
suggested Ihe control-feel difficulties associated with 
the combination of hl^ly balanced elevators and bobvTelf^t 
might be overcome through use of a mechanical device which 
would Increase the control forces only In rapid stick 
movements. 
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Bila report presents the results of flight teats. of 
one such mechanical control-feel device. This' control- 
feel device consisted of a spring anddashpot connected 
In series between the control stick and airplane structvire. 
Ihe. device was tested In combination with an experlaiental 
elevator and bobwelght which gave unsatisfactory dynamic 
stability ajoSi control-feel characteristics In previous 
tests. Fll^t testa were made to determine the effect of 
the device on the behavior of -the airplane during control- 
free short-period oscillations, stick-release pull-ups, 
and rapid controlled pull-ups. Ihe teats covered wide 
ranges of both center-of -gravity location and altitude. 
Brief tests also were made with a second device to 
determine the effect of viscous friction on the elevator- 
free characteristics, 

AIRPLj»:;E, ellvator and' control system 
WDIPICATI 0 N 3 TESTED 



The P-65A-I airplane is a convontional single-engine 
pr ope ller-<ir .Ivon fighter-type airplane equipped with' 
tricycle landing gear; A side view of the airplane as 
.flown in the present tests la reproduced in fl-;:upe 1 , A 
threo-vlow drawing of the tost airplane (APT’ ■'•o. 142-68889) 
is shown in figure 2 , This airplane incorporated the 
enlarged horizontal tall shown in, figure- 3» -Airplane 
specif lca;-,ions of general Interest- and- dimensions pertinent 
to a study of tho longitudinal handling characteristics 
are listed in appendix A, . - ■ 

Figure 5 ’ includes a cross section of the experimental 
elevators used in the tests. ThEso ulovators wore covered 
with fabric and had a rib spacing- of l4^ inches, Tho 

plan form of the experimental olevatora was the same as 
the plan -form of standard ‘production elevators j - increased 
aerodynamic balance 'was achieved by thickening- the 




upper end lower surfaces aft of a point near tho hinge 
line and had an Included tr ailing-edge angle of 13 °. 



Characteristics of the elevator control system are 
illustrated in flguros I4. and 5 - Figure ij. shows the 
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elevator-stick gearing relation. Figure 5 shows the 
variation In stick force with elevator angle due to 
addition of the bobwel^t (dash curve). G?he force added 
by the bobwei^t la seen to vai*y with elevator position 
but over ^ the range of elevator angles and airplane 
attitudes encotintered In these tests the bobwel^^t force 
may be taj-ren as apja^oxlmately 3,7 pounds pull stick force 
per g noridal acceleration. The data of figure 5 slso 
show that static friction In the elevator control system 
was about ±1 pound. 

A diagrammatic sketch of the device to Improve the 
elevator control-feel characteristics Is shown In figure 6. 
As can be seen from this figure, the device consists of 
a viscous damping cylinder connected to the airplane 
structure througji a coll spring. When the stick is 
deflected rapidly the resistance to fluid flow through the 
piston restricts relative motion between the piston and 
the cylinder. so that the spring is forcibly deflected and 
its resisting force Is felt on the stick. 'iVhen the stick 
Is held steady for any apprecjlkable Interval, the piston 
automatically adjusts Itself In the cylinder to the 
position required for no spring tension. Hence the device 
acta to increase the stick force nocesaory to deflect the 
stick rapidly without altering the steady-state stick 
force characteristics. Figure 7 contains two photographs 
of the device mounted In the airplane • As shown by 
these photographs, provision was made for the pilot to 
attach cr detach the device from the control stick In 
flight. Hence the pilot was able to make consecutive 
test r\ans with and without the iovice so that data could 
be obtained under comparable flight conditions. 

The mechanical characteristics of the control-feel 
aid are shown in figures 8, 9 * Figure 8 shows 

the variation of stick force with elevator position due 
to the spring in the device, when the viscous damping 
cylinder Is Inoperative (piston locked in cylinder). The 
elevator angle for sero stick force in figure 8 was chosen 
arbitrarily. If some other elevator angle had been chosen, 
the slope of the curve would be slightly different because 
of the slight nonlinearity' in the relation between the 
stick and elevator travel (refer tofig. lj.). Figure 9 
shows the calibration of the' control-feel aid in terms of 
the rate of subsidence of a rapidly applied otick force. 

The measurements were made by abruptly releasing the 
cylinder of the control-feel device from a- position with 
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the spring deflected and the stick chained to the airplane 
structure. The two curves labelled orifice A and orifice B 
refer to two different orifice arrangements In the piston 
of the viscous damping cylinder. Prom the data of 
figures 8 and 9 It has been calculated that If ^ the spring 
was replaced by a rigid member stick forces of about I .9 
and 3*2 pounds per inch per second velocity of this stick 
grip would be required to move the stick at a steady rate 
with orifices A and 3, respectively. It should bo noted 
here that the quantitative values shown In figure 9 do not 
necessarily apply to the flipjit data because of temperature 
differences. The effect of temperature on the viscosity 
of the S.A.E, >To. 20 damping oil caused marltod changes in 
the rate of subsidence of stick force contributed by the 
mechanical device, 'To records of the temperature of the 
damping fluid wero obtained in the fli^t teats so that a 
quantitative study of the flight data regarding the 
transient effect of the control-feel aid on the stick 
forces was impossible. In this connection, the free air 
temperature on the ground varied between extremes of 
50 ® and 80 ® P during the fllgiit teats, with by far the 
greater number of tests performed when the ground 
temperature was between p and 70® P, Even In going 
from 60 ® P to 70 ® P the viscosity of S.A.E. 20 oil 
decreases by about one-third. Pilot’s opinions Indicated 
the cockpit temperature did not deviate much from the 
ground temperature even for the hlgh-altltude flights. 

In spite of the feet that the- data of figure 9 ^pply only 
approximately to the flight data, tho figure Is Included 
to Illustrate the characteristic shapes of tho curves of 
stick force subsidence as a function of time. Figure 10 
presents a time history of an abrupt deflection and 
release of the control stick made on the ground at zero 
airspeed. It Is seen that ths combination of control 
system and bobwelght inertia and the spring of the device 
caused an oscillation of the control having a short 
period (about 0,33 second) and requiring about 2 cycles 
for complete damping. 

Por some tests viscous friction was add^-d to the 
elevator by means of a closed hydraulic cylinder filled 
with fluid and mounted between the airplane structure and 
tho elevator push-pull tube (fig, 11). Motion of the 
push-pull tube caused fluid to be- pumped from ono side 
of the piston to the other through a restrictor valve in 
an external by-pass tubs. . Tho amount of viscous friction 
used in the flight tests la def.ined approximately by the 
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data shown In figure 12. Because the viscous friction 
cylinder was exposed to temperature variations the 
amount of viscous friction It contributed was subject to 
variation duo to changes In viscosity of the damping 
fluid. 



INSTRUMENTATION 



The following quantities were measured with the aid 
of standard NACA recording Instruments; airspeed, pressure 
altitude, normal acceleration, elevator angle, and stlolc 
force. 



A special boom extending 1 chord length ahead of 
the right wing near the wing tip was used for the measure- 
ment of airspeed. The static pressure measurements from 
the pltot-statlc head were corrected for error caused by 
the local pressure field around the airplane. Airspeed 
1s defined throu^ this report as 

Vq = J+5.08foV^ 



wherein 

Vq calibrated airspeed, miles per hour 

fQ sea-level standard compressibility correction 

factor 

difference between total-head pressiu’e and corrected 
ft*ee-stream static pressure, inches of water 

This airspeed corresponds to the reading of a stendazd 
Army or Navy airspeed Indicator without Instrioment error 
which Is connected to a pltot-statlc system ftee from 
position error. Under sea-level standard conditions, 
calibrated airspeed Is also true airspeed. 

Elevator angles were measured by two Instruments. One 
Instrument was connected directly to the elevator; the 
other Instrument was connected to the elevator push-pull 
tube near the tall. Ground testa Indicated errors 
arising from control system flexibility, were negligible 
for the latter Instrument Installation. 
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The elevator stick force was measured by an Instrument 
which recorded the strain In the stick at a position near 
the bottom of the stick. Because of this arrangement the 
recorder responded to strains caused by Inertia of that 
portion of the stick above the strain gages. Therefore 
It should be pointed out that In rapid maneuvers 
Involving abrupt release of the stick, the force at the 
stick crip actually reaches zero almost Instantly even 
though the recorder may Indicate a somewhat slower 
attainment of zero stick force. 



EXTT.NT AND RTRPOSL OP lEiSTS 



The flight tests covered tho following types of 
maneuvers in the order of subsequent data presentation. 

A, Steady left turns. 

; 3 . Short-period elevator-free oscillations, 

C, Stick -release pull-ups, 

D. Rapid controlled pull-ups. 

The last three of the above types of maneuvers were 
performed both with and without tho control-feel aid. 

The foregoing maneuvers were performed at calibrated 
speeds of approximately 200 and JOO miles per hour. The 
steady turns were made at 5OOO feet altitude for take-off 
center -of -gravity positions of 25. 0, 55 »2 per- 

cent mean aerodynamic chord and at 25,000 feet altitude 
for tai:e-off center-of -gravity positions of 23,6 and 
35 *2 percent mean aerodynamic chord. Because of fuel 
consumption, the center of gravity moves forward a maxlmiim 
of between 2 and 5 percent mean aerodynamic chord during 
flight; how'over, the center -of -gravity positions 
acco'ipanylng all data shown In this report have been 
corrected for the effect of fuel consumption. In general, 
the short-period oscillations and stick release pull-ups 
were performed for the foregoing center-of-gravlty 
positions at 5OOO and 20,000 feet altitudes. The rapid 
controlled puil-ups were made for the three previously 
given center-of-gavlty positions for 5OOO feet altitude 
but only one set of data was obtained for 20,000 feet 
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altitude with a take-off center- of- gravity poaltlon of 
33.2 percent mean aerodynamic chord. 

The steady tuivis were made only in the left direction 
because preliminary tests showed a negligible difference 
between the characteristics in left and rl^t turns and 
the pilot washable to make left turns with greater 
precision than right turns. Fbr the turns at 200 miles 
per hour, power for straight, wlngs-level flight was 
used; at 300 miles per hour, nonoal rated power was 
used and it was necessary to dive the airplane slightly 
to obtain the calibrated speed, especially for the high- 
altitude runs. The purpose in making the steady turn 
tests was to determine the steady- stute-maneuverlng 
stability and control characteristics. In the present 
investigation, the control-free d^nariilc stability and 
the control-feel characteristics were measured in some 
configurations for which the s toady-maneuvering stability 
and control characteristics wore unsutlsfcctory to the 
pilots. It should be remembered, however, that the only 
configurations of practical importance are those for 
which the steady-maneuvering characteristics are desirable. 
The dynamic' characteristics are therefore of less interest 
in cases where the steady-maneuvering characteristics 
were unsatisfactory. 

The short-period oscillation tests were made according 
to the usual procedure which consists of abmptly 
deflecting and releasing the stick from trimmed conditions 
in stralj^t flight at the chosen speeds (200 and 300 miles 
per hour}. These tests were made to investigate the 
control-freo dynamic longitudinal stability. A theoretical 
investigation of dynamio longitudinal stability with free 
controls Is given In reference 2. 

The stidc-release pull-up was used In the present 
tests because this maneuver had been suggested as a simple 
means of investigating the control-feel problem. As the 
name Impllos, the stick- release pull-up Is performed by 
intentionally trliimilng the alz^lano tail-heavy in steady 
straight fli^t and then abruptly roleaslni:; the stick. 
Providing the short-period oscillation is damped, the 
airplane will eventually reach a steady pull-up condition 
at a normal acceleration determined by the amount of the 
initial out-of-trim stick force and the steady-maneuvering 
stick force gradient. Immediately following release of 
the stick however, both the elevator angle and the normal 
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acceleration ■ be expected to overshoot their 

respective final steady values. The degree of this over- 
shooting would be expected to depend on the aerodynamic 
balance characteristics of the elevator and on various 
possible control system modifications Just as the 
control-feel characteristics depend to a large extent 
on these same variables. For exaiiiple. In a case where 
the steady-maneuvering stick force gradient Is obtained 
primarily from a bobwelght or a l^ge positive floating 
tendency of the elevator and the elevator resistance to 
deflection Is low, a large amount of overshooting in 
stick release pull-ups might be expected to occur. The 
same combination Is known to exhibit poor control-feel 
characteristics In rapid longitudinal maneuvers or In 
gusty air. In passing It might be well to point out 
that the stick -release pull-up corresponds to a theoretical 
maneuver involving the Instantaneous application of a 
given stick force. 

The rapid controlled pull-up Is a maneuver in which 
the stick Is moved rearward from trim rapidly and i*eturned 
to trim equally rapidly and held. *it no tlmo dtiring the 
performance of these pull-ups Is the stick released,' Two 
typical controlled pull-ups are shown In figure 13* 
each speed tested (200 and 300 mph) controlled pull-ups 
were made using various rates of control motion ranging 
from very slow movements of the stick to extremely rapid 
movements of the stick. I'he resulting data were analyzed 
by plotting the ratio of maximum stick force divided by 
maximum resviltant acceleration as a function of the time 
required to move the stick away. from, and return It to, 
trim, Definitions of the quantities used In analyzing 
the data are Indicated In figure 13. This method of 
analyzing the data was used also In reference 3 vThich 
presents a theoretical study of the aerodynamic factors 
which affect stick forces Iijl rapid pull-ups similar to 
the controlled pull-ups used In those flight tests. 

Controlled pull-ups vrere made in the present 
Investigation because It was in similar control motions 
that the pilots first reported poor control-feel charac- 
teristics. Such control motions. are normally used to 
correct small disturbances due to gusty air or to make 
a fast entry into a steady accelerated turn or pull-up. 
According to the pilots, when the stick force; required 
to deflect the stick rapidly was . too low. It was difficult 
to predict the airplane, response following a rapid move- 
ment of the elevator control. This characteristic caused 
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the pilots to feel uneasy and uncertain even when merely 
flying the airplane etralj^t and level. The control-feel 
aid was expected to remedy the lack of stick force In the 
early stages of a rapid longitudinal maneuver because It 
was designed to supply an Increment of stick force which 
Is essentially in phase with the stick travel for very 
rapid stick .motions . 



RESULTS AND DISCUSSION 



A. Characteristics In Steady TtirnB 

The characteristics In steady left turns .of the 
P-63A-I Jairplane Incorporating the IJACA experimental 
elevatots with a 5»7*^pound bobweig^t are shown In 
figures ill- throuf^ 18, Figure ll^ shows the variation of 
stick farce and elevator angle 7 ;ith normal, acceleration 
at 5000 feet altitude for the various center -of -gravity 
positions tested. Figure I3 la a similar .plot for 
25,000 feet altitude. In figure 16, the stick force data 
from figures li|. and I5 have been suimaarized to show the 
variation of steady maneuvering stick force gradient with 
center -of -gravity position. The stlcJc force gradients 
plotted In fl^.^e 16 were obtained from the increments In 
stick force required to go from Ig to Jg and 4g at 
200 miles per hour and ^00 .miles per hour, respectively. 
Those acceleration ranges were chosen In order to keep 
within flight conditions where th.e elevator hinge moments 
were approximately linear (as Indicated by linearity of 
the stick force versus acceleration curves) and to avoid 
any extrapolations of the data. Figure I7 shows .the 
elevator angle data of figures 1I4. and I5 plotted against 
airplane normal force coefficient. Finally, figure 18 
Is a summary plot of the data of figure I7 shovTlng the 
variation of the change In elevator angle per unit 
airplane normal force coefficient with center -of -gravity 
location. The slopes of elevator angle vercus normal 
force coefficient plotted In figure 18 are baaed on the 
Increment In elevator angle required to go from Ig to 
3 g and i;g at 200 miles per hour and JCiO miles per hour, ■ 
respectively. Therefore the stlck-fpoo 'and stlck-flxed 
maneuver points Indicated by figures. I6 and 18, 
respectively,- are directly comparable although they are 
not. In the usual sensei maneiivar points for a definite 
value of the airplane normal force coefficient but rather. 
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average maneuver points covering most of the range of 
airplane normal force coefficient tested. 

■ Die data of flgvire l6 Indicate why it wea necessary 
to Incorporate a hobwel£^t in -the control system when the 
experimental elevators were used. Because of the design 
loading conditions of the airplane. It was desired to 
obtain a stick force gradient of at least 3 pounds per g 
at 25,000 feet altitude with the center of gravity at 
30 percent mean aerodynamic chord. It should be noted 
that the stlok-flxed maneuvering stability was positive 
for these altitude and center- of -gravity conditions 
(fig. 18). However, because of the small rate of change 
of stick force gradient with center-of -gravity position 
and because of the loss in maneuvering stability due to 
Increasing altitude, the center of gravity would have 
had to be at least as far forward as 22 percent mean 
aerodynamic chord to obtain 3 potinds per g at 25,000 feet 
altitude without a bobwelght. The use of a large center- 
of -gravity range ahead of 22 percent mean aerodynamic 
chord was out of the question because the elevator control 
available for making minimum speed landings quickly became 
Inadequate as the center of gravity was moved forward 
from 22 percent mean aerodynamic chord. This situation 
la typical for a fl^iter typo alnlano. 

Prom figure 16 it is aeon that the relatively low 
rate of change of stick force gradient ''dth center-of - 
gravity position afforded by the experimental elevators 
provided stick force gradients between 3 and 8 pounds 
per g between 50OO s^nd 25 » 000 feet altitudes for a 

center-of -gravity range of about 7^ Percent mean aero- 
dynamic chord. It might be noted, furthermore, that this 
center-of -gravity range could oe Increaseda-Dureclably 
without encoianterlng excessively heavy or excessively 
ll^t stick force gradients. With the production elevators 
the allowable center-of -gravity range for desirable stick 
force gradients was 3 percent of the mean aerodynamlo 
chord and any appreciable widening of this range led to 
either excessively heavy or excessively light stick force 
gradients. Die rate of change of stick force gradient 
with oenter-of-gravlty position for the experimental 
elevators is O.38 pound per g per percent mean aerodynamlo 
chord. Previous tests showed that a minimum value of this 
slope of 1.0 pound per g per percent mean aerodynamic chord 
was required with the P-63 airplane in order to have 
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aatlafactory oontrol-feel bharaoterlatlcs In the abaence 
of meohanloal oontrol-feel. 



The hinge -moment psirametera of the experimental 
elevatora were estimated with the aid of the 5OOO feet 
altitude data of figures I6 and l8i the dimensions of 
appendix A, and some of the charts of reference 4. It 
was found tiiat the rate of change of hinge moment 
coefficient with elevator defile otlon Ovi was about 

0 



-0.0025 per degree. From this value and the difference 
between the stick-fixed and s tick-free maneuver points 
■ without bobwelght, the rate of change of hinge -moment 
coefficient with change In angls of attack was 

estimated to be O.OOO3 per degree. Assuming that a 
value of Ojiig of -0,0100 would be obtained for an elevator 



without aerodynamic balance. It may be concluded that 
the experiments! elevators had three-quarters of the 

unbalanced value of Gy,, balanced out. Hie results of 

“6 



earlier tests indicated no more than one-third of the 
unbalanced value of 0^^ could be ellnlnatcd vdthout 

causing noticeable deterioration of the elevator oontrol- 
feel oharaoteristlos of the P-63 airplane. As noted 
above, the experimental elevators had only a very slight 
tendency to float against the relative wind when a 
change In the angle of attack occurred. 



B. Short-Period Oscillation Characteristics 



1. ^aracterl sties without bobwel^t . - Figure 19 shows 
the short-period oscillation characteristics of the air- 
plane without the bobwelght In the control system for 
forward center-of -gravity positions at low and high 
altitudes. Figure 19(&) Includes data obtained with the 
control -feel aid attached. Note that In figure I9 and sub- 
sequent figures the oontrol-feel aid is referred to as 
"damper.” The steady-maneuvering stick force gradients 
were about If and 2 pounds per g, respectively, for the 
5000 and 25,000 feet altitude data shown in figure I9. 
Although the steady stick force gradients wore low, it Is 
seen that the short-period oscillation characteristics of 
the elevator without control system modifications were 
satisfactory since the oscillations of both elevator angle 
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and nonaal acceleration were completely damped within 1 
cycle following release of the control. Addition of the 
control-feel aid caused the oscillation In elevator angle 
to i>eralst for cycles at 200 miles per hoiir. However, 

this oscillation had a very short period similar to the 
period of the elevator oscillation caused by the device 
with the airplane on the ground (fig.. 10). Because of the 
short period, this elevator oscillation did not cause any 
noticeable airplane response. Of noteworthy interest In 
figure 19(a) Is the very appreciable Increase In stick 
force required to deflect the elevator rapidly when the 
control-feel device was attached. The stick force to • 
deflect the elevator a given amount was Increased by a 
factor of between 2 and 3* This increase in stick force 
reduced the "touchiness” of the control. The pilot was 
able to gage more accurately the acceleration response 
from a rapidly applied stick force because he had a 
greater range of stick force to deal with In covering the 
same range of resultant maximum accelerations. 

2, Effect of addition of bobwelfjit . - Figure 20 shows 
the shor¥-period oscillation characteristics for forward 
conter-of -gravity positions at low and high altitudes 
with the 5»7“POund bobwol^t .In the elevator control 
system. With this arrangement the steady force gradients 
were satisfactorily high, ranging from 8 to 6 pounds 
per g from 5OOO to 25, 000. feet altitudes, respectively. 
Addition of the b'obwelght which was located near the 
airplane center of gravity greatly reduced the damping; 
in fact at high altitudes for 3 00 miles per hour, addition 
of the bobwelf^t .‘caused the occiarence of steady undamped 
short-period oscillations as Is shown In figure. 20(b) . 

These trends corroborate the theoretical analysis of the 
effect of both bobwelf^t and altitude as set forth In 
reference 2, Although no records are presented, the 
pilot found that the undamped oscillations also occurred 
at low altitudes at speeds above 300 miles per hour. As 
the altitude was decreased the calibrated speed for the 
first occurrence of undamped oscillations increased. 
Attaching the control-feel device to the stick always 
resulted In complete damping of the short-period osclllaticns 
although approximately ll cycles were required. The 

ability of the control*- feel device to Improve damping of 
the short-period oscillations Is probably explained by the 
fact that It Increased the self-centering tendency of the 
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control system insofar as rapid control movements ere con- 
cerned. This change may he likened to an increase in the 
negative value of the elevator hinge-moment parameter CIjjq. 

It is known from the theory that the parameter has 

a powerful influence on the damping of elevator- ® 
free short-period oscillations. (See reference 

5. Effect of center -of -gravity position .- Figure 21 
gives the short-period oscillation cnaracterlstics for 
extreme rearward positions of the center, of gravity at 
low and hi£^ altitudes with the ^^T^pound hohwel^t in the 
elevator control system. For these runs the steady stick 
force gradients were still acceptably high since they 
ranged from about 5 to 3 pounds per g in going from 
3000 to 23«000 feet altitudes. Comparison between 
figure 20 and figure 21 ehows that moving the center of 
gravity rearward had. a beneficial effect on damping of the 
oscillations since in the most critical condition 
(300 mph, high altitude, damper off) the oscillation 
damped in 3 cycles Instead of being undamped. This experi- 
mental result of the effect of center-of-gravlty position 
conflicts with the theoretical results of reference 2 
which indicate rearward movement of the center of gravity 
should reduce bho damping slightly, 

1*.. Effect of viscous friction .- Figure 22 gives the 
short-period oscillation characteristics for forward 
center-of-gravlty positions v/ith the 3»7"PC*und bobwelght 
and the viscous friction incorporated in the elevator 
control system. For these tests tli>- steady stick-force 
gradients ranged from about 8 to 6 pounds per g. Con- 
sidering the differences In magnitude of the initial 
disturbances used in the runs of figures 20 and 22, it 
may be concluded that the addition of viscous ft’lctlon in 
the small amount tested did not appreciably effect the 
short-period oscillation characteristics either with or 
without the control-feel device attached. In flight 
conditions where differences ?/ere apparent, the configu- 
ration with viscous friction possessed a lesser degree of 
damping. Reference 2 points out that even for forward 
center-of-gravlty positions there may exist a limited 
range of hinge-moment combinations for which the addition of a 
small amount of viscous friction is detrimental to daraplng. 
In these cases, the use of a large amount of viscous 
friction probably would be beneficial, Whether or not the 
use of a large amount of viscous friction would be 
practical, however, is not known. It seemed probable from 
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the present tests that If viscous friction had been used 
In an amount large enou^ to improve the dynamic stability, 
the pilots would object to the large resistance to stick 
motion during such maneuvers as the landing flare, 

C. Stick -Release Pull-Up Characteristics 

1, Characteristics without bobwelrfit .- Figure 23 shows 
the stick -release pull-up characteristics for forward 
center -of-gravlty positions with and 'vithout the control- 
feel aid at low altitudes. For these tests, the steady- 
tiirn stick force gradient was about pounds per g 

which la acceptably high.' At higher altitudes or for more 
rearward center-of -gravity locations, hov/ever, this 
configuration would provide unsatisfactorily low stick 
force gradients. Figure 23 shows that very little or no 
overshooting in elevator travel or acceleration response 
occurred following release of the stick. The absence of 
overshooting la explained by the facta that, v/ithout 
bobwelght, the steady maneuvering stick force gradient 
resulted almost entirely from the small variation of 
elevator hinge moment with elevator deflection and the 
stick-fixed stability was great. In spite of the jood 
characteristics shown in the stick release pull-ups the 
pilot noted poor control-feel characteristics due to the 
small self-centering tendency of the control without the 
control-feel device attached. Therefore It may be con- 
cluded that the degree of overshooting in stick -release 
pull-ups is not always a reliable indication of the 
control-feol characteristics, 

2. Effoct of addition of bobwelght .- Fl;;ure 2l\. gives 
the stick-releaso pull-up characteristics at forward 
center-of -gravity positions and low altitudes after the 
3«7-Po^d bobwelght had been installed. Because of the 
bobwelght, the steady stick force gradient v/as raised to 
the desirably high value of about o pounds per g for 
these tests. A comparison between figure 2p and figure 2l^ 
shows the effect of the bobweight was to increase appreci- 
ably the overshooting of both elevator angle and normal 
acceleration. This overshooting Is a direct consequence 
of the response of the bobwelght as affected by the lag 
between changes In elevator position and resulting changes 
In normal acceleration. In the steady pull-up state with 
free controls, the elevator position is determined by 
both the bobwel^t and' the elevator hinge-moment parameters 
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vhereas In the Instant following stick release, the 
elevator position tends to be determined solely by the 
elevator hinge-moment parameters since the normal 
acceleration does not change appreciably and conaequently 
the effect of the bobwel^t Is not felt. Figure 2l|. shows 
that the control-feel device, by slowly dissipating the 
stored-up energy' In the out -of -trim control system,' 
succeeded In eliminating the overshooting In acceleration 
response which was caused primarily by the bobwelf^t. At 
hl^ altitudes, addition of the 3.7-poimd bobwelgjht caused 
the occurrence of an undamped short-period oscillation 
diirlng pull-nps following release of the stick at speeds ■ 
of 300 miles per hour or more. ' This ty^jlcal characteristic 
Is shown In a later figure. (fig. 26). When the control- 
feel aid was used In con Junction., with the bobwel^t 
however, the undajnped oscilli'^tion no- longer occurred and 
the airplane appeared to perform. a smoother transition 
from the initial to the. final acceleration than It did 
without any control system modifications. 

3« Effect of center-of-pravlty position .- Figure 25 
presents the stick -release pull-up- character is tics for 
rearward center-of -gravity positions at low altitudes 
with the bobweight Installed. Because of the bobw.?i,-jht, 
the steady stick force gradient was nearly 6 pounds per g 
for these tests even though the center of gravity was at 
a far rearward position. A comparison iietwosn fi^rures 2ij. 
and 25 Indicates that, aa was the case in the usual short - 
period oscillation tests, the oscillations of botli 
elevator anglo and acceleration were coore highly dainped 
at the rearward than at tho forward center -of-gravlty 
positions tested. It may bo noted from the ^00 miles por 
hour data of figure 25 that addition of the control-feel 
aid at the rearward center-of -gravity position reduced the 
total change in elevator angle and, consequently, the 
rate of growth of normal acceleration following release 
of the stick. However, it is also apparent that the 
control-feel aid did not noticeably reduce the amotait of 
overshooting In acceleration at this extreme rearward 
Center -of-gravlty position. 

ii'. Effect of vlscoua friction .- Figure 26 shows the 
stlok»relcaso pull-up char acterisVics for a forward center- 
of- gravity position at high altitudes at 3OO miles per 
hour with viscous friction and the bobwuigfht in the 
elevator control system. Althou^ compar able data are not 
Shown for the characteristics Without viscous friction. 
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there ma no noticeable difference: from the' characteristics 
shorn by figure 26; the undajt^}ed short-period oscillation 
occurred either with or without the viscous friction 
cylinder installed* Furthermore,, in either case, attach- 
ment of the control-feel aid resulted in almost Instw- 
taneous damping of the oscillation as is shown In 
figure 26* 

D. Characteristics in Rapid Controlled Pull-Ups 

1. Characteristics without bobweight .- Figure 27 
shows results from rapid controlled p\ill-ups (similar to 
those -shown In fig. 13} made with the experimental 
elevators at 5000 feet altitude for forward center-of- 
gravlty positions. A curve from reference 1, depicting 
results from an airplane which had satisfactory control- 
feel characteristics, is Included on figure 27 and sub- 
sequent figures for comparative puiposes. The "satisfactory 
airplane has a larger chord elevator that has little 
aerodynamic balance. As was pointed out previously, such 
an elevator cannot provide desirable steady stick force 
gradients over a large conter-of-gravlty range. It 
may be seen from the data for the P-63 In figure 27 
that In all conditions tested, the ratio of maxliriTmi 
stick force divided by maximum acceleration always 
Increased as the rate of stick mov^ement was increased. 

This trend Is to be expected In a condition where the 
steady stick force gradient Is obtained almost entirely 
from the hinge moment due to elevator deflection 
because, as the maneuver is made more rapidly, a greater 
change in elevator angle is necessary to produce the some 
accolcratlon response.. It may also be seen from 
flgur.e 27 that attaching the control-fed aid approximately 
doubled the stick t’orco necessary to produce an acceler- 
ation change rap'^dlyn Pilots noted a corresponding 
marked im^irov scout In the ocntrol-foel characteristics. 

Even thoufi'. tiin two curves for the satisfactory airplane 
and the P-o3 with tho control-feel aid jt 200 miles per 
hovir are nearly Identical for rapid stick deflections, 
the pilot noted t’?at the P-63 had a smaller self- 
centering tendency of the control stick. This apparent 
contradiction Is oTplalned by the different stick-fixed 
stability of the two airplanes. For the data shown in 
figure 27, the satisfactory airplane was tested with the 
center of gravity about 8 percent ahead of the stick- 
fixed maneuver point whereas for the P-.63, the center 
of gravity was about 11 porcont ahead of the stlck-fixod 
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maneuver point. This difference snade it necessary to rose 
considerably more stick travel to produce the same maximum 
acceleration iri the P-65; and' since about the same stick 
forces were required to produce a given maximum acceler- 
ation in the two airplanes, it is obvious that the stick 
force per xmlt stick travel waa lower for the P-63 than 
for the satisfactory airplane. As will be shown- later, 
when the stick-fixed stability of the two alrplane-s was 
comparable, the P-63 with control-feel aid exhibited 
smaller transient stick force gradients than did 

the satisfactory airplane. \Ag/ 

2. Effect of addition of bobwelrfit .- Data obtained 
in rapid controlled pull-ups after tne bobweight was 
installed are shown in figure 2$. Here it may be seen ■ 
that the stick-force gradient did not always increase 
with increasing rapidity of the control motion, especially 
for the case without the control-feel aid attached. At 
300 miles per hour, except for extremely rapid pull-ups 
(where inertia of the control system had a large effect 
on the maximum stick force reached) or in very alow 
pull-ups (approximating the steady maneuvering condition), 
the stick force gradient was less in the controlled 
pull-ups than it was in steady ttirns. This trend is 
explained by the lag between the Increment in stick 
force due to elevator deflection and the Incroment in 
stick force contributed by the bobwelght. These two 
stick force Increments are in phase, respt-ct Ively, with 
the elevator deflection and the normal acc elevation. In 
the steady-maneuvering condition the two stick force 
increments occur slmultaheoualy so that their effects are 
additive but in rapid pull-ups the stick force due to 
ele^vator deflection leads the stick force due- to bobwelght 
because of the lag in acceleration response following an 
abrupt elevator deflection. (See fig. 13») Because the 
m^axlmiim change in angle of attack or normal acceleration 
lags the maximum change in elevator angle in a rapid 
pull-up the total stick force may be less than the sum 
of the maximum stick force increments due to change in 
elevator angle and change in normal acceleration. There- 
fore it is possible to have lower stick force gradients 
in rapid pull-ups than in steady maneuvers if a large 
portion of the steady stick force gradient is obtained 
from a bobwelght. Also in this connection, a large 
positive floating tendency of the elevator would have 
essentially the same effect as the bobwei^t on the stick 
force characteristics in rapid pull-ups, (See reference 5J 
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It Is genepally. conceded that arrangements which ^ow 
smaller stick force gradients In rapid than In steady 
maneuvers are undesirable. Figure 27 Indicates the 
control-feel aid gave a substantial Improvement at 
200 miles per hour on the undesirable characteristic 
Introduced by the bobwel^t but the beneficial effect was 
small at 300 miles per ho\ir. The beneficial effect of 
the control-feel device at ^00 miles per ho\ir could be 
Increased by using a stronger spring and by further 
restricting the' orifice In the viscous damping cylinder. 

If such a change were made, however, the device would 
probably cause too heavy stick forces at lower speeds 
unless provision was made for a variation with speed of 
the characteristics of the device. Such an arrangement 
Is discussed In a subsequent section of this report. 

3« Effect of center-of-CTavlty position .- Figure 29 
shows the characteristics obtained in rapid pull-ups 
after the center of gravity was moved rearward about 
9 percent mean aerodynamic chord. The effect of the center- 
o£-gravlty shift was to lower the stick force gradients 
for all rates of stick motion. Such a trend is to bo 
expected because theory shows that to produce the same 
maximum acceleration response, the necessary magnittide 
of elevator motion of a given duration decreases as the 
center of gravity Is moved rearward (reference 5)» 
Incidentally, as 'regards a comparison between the P -63 
and the satisfactory airplane, the data of figure 29 
are for conditions In which the two airplanes possessed 
comparable s tick-fixed stability. 

1^.. Effect of altitude .- Figure 30 presents data from 
rapid controlled pull-ups similar to the data of figure 29 
except that the altitude was Increased from 5 000 to 
22,000 feet. The effect of altitude was to lower further 
the stick-force gradients for all rates of stick motion. 

This effect Is the same as that which would be expected 
from a further rearward center-of-gravlty movement at the 
low altitude. Hence It appears the effect of altitude 
on either rapid or steady-state-maneuver characteristics 
was similar because for either rapid pull-ups or steady 
turns, an Increase In altitude caused a decrease In stick- 
force gradient. 
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evaluation ANB possible PTIRTHER APPLICATIONS 
OP CONTROL-PEEL DEVICE 

“ ‘ Both fn the basis of the results described, ip. the 
precodihg section and on the basis of pilots* opinions 
it was concluded that the control-feel device tested 
had a decidedly beneficial effect on the droamic stability 
and control-feel characteristics of the P-ojA-l airplane 
with the experimental elevators and bobwei^t tested. 

The characteristics of the airplane in. rapid maneuvers, 
which v;e re definitely unsatisfactory without the control- 
feel aid, were satisfactory with tlio control-feel aid 
installed at speeds’ up to 200 miles per hour with the 
exception that stick forces due to the response of the 
bobwelght to rapid changes, in normal acceleration in 
gusty air were not eliminated. With increasing speed 
the gradually decreasing effectiveness of the device 
was noticeably apparent so that at 300 miles per hotir 
the characteristics with the control-feel aid installed 
v/ere not entirely acceptable. Some means of changing 
the characteristics of the device v/ith changing airspeed 
therefore appears desirable. 

It is to be noted that the device as tested added 
a given stick force increment for a given instantaneous 
deflection of the control stick. In the case of an 
elevator that possesses inherently satisfactory control- 
feel characteristics, the stick force for a given 
instantaneous stick deflection (neglecting control 
system Inertia) varies essentially as the square of the 
airspeed. Hence, in the form tested, it was possible 
for the control-feel device to be adjusted to give 
excellent control-feel characteristics at only one speed; 
at lo'wer speeds the control-force increment from the 
device was too great and at higher speeds the control 
force increment v/as too small. In order to have the 
force increment from the device vary as the square of 
the speed it would be necessary to incorporate means for 
changing, as a function of speed, the stick-centering 
tendency provided by the spring. This characteristic 
might be obtained either by use of a suitable mechanical 
device or by the use of a vane. mounted in the air stream 
to provide the necessary stick-centering tendency. V\flth 
the vane system It might also be possible to obtain 
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aerodTti^lo fore«« duo. to anglo of attack cbaaga ttiat 
would offset the objeottonabie ettck ^OTeeg ayloihg fron 
the responee of a bobwelgbt t« the rapt^ change ■ In 
normal aeeeleratlon'nhieh oeeitp in 

n.'f.^Zt.'ie .p^ntc^ 9 /^ t^at a eontrpi*ftal. Aevlef 
tnop;ri)pz^in& 'tihie impf bvenente ■ haVt an 

Importasit applioatton ^to a pewer«bo6st ebntrol In idiicdi' 
^X'l^forcea -froa. ^hel elevator are overeotie by the booster 
eye-teuw; : &. qfl.’w .;the proper eentpbl' feel would be-' ■• 
supplied eintl^ly.^by a.,eontrol*feei atd'c^Hd’^ befami^t 
sq that an, Irreversible! control could actual 

.the elevatpr.;,!. Xbli arranjgeirient might hat d,t.^^^bble f or ■ 
very, large nlTplaitos or for airplanes seb'Jbo't' td' large 
oompx^sslblllty trim apd stability bhanges beeanse. It 
wopld eliminate . the need for obtaining' oloae» uniform ' 
aerodynaiBlo balanoe on the elevator oontrol surface'. 



CONCLUSIONS 



From an Investigation of the longitudinal handling 
characteristics of the P- 6 JA*! alrpilane with hi ^ly 
balanced experimental elevators, a bobwei'ghti- and'a- ' ■ 

control-feel aid consisting of a spring and a viscous 
damping cylinder connected In series between the stick 
and the airplane structure, the following conclusions 
were Indicated} • 



1 . The. experimental elevators and the bobweight 
provided steady -maneuvering stick- force gradients between 
3 and 8 pounds per g at any altitude between 5000 
and 25,000 feet over a center-of -gravity range of 7^ per- 
cent mean aerodynamic chord as coinpared to a center-of- 
gravlty range of 3 percent mean aerodynamic chord pro- 
vided by steindard production elevators. Furthermore the 
allowable center-of -gravity range for the experimental 
elevator configuration could be Increased apja*eclably 
without encountering excessively heavy or excessively 
light stick-force gradients whereas such was no-t the case 
for the standard production elevators. However, the 
control-feel characteristics In rapid maneuvers and the 
control-free dynamic longitudinal stability of the air- 
plane with the experimental elevators and bobwei^t were 
unsatisfactory. 
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2 , The control-feel aid effected marked Improvement 
in both the control-feel characteristics ^d the control- 
free dynamic loneltudlnar stability of the” airplane with 
the experimental elevators and bobwel^h^* Addition of 
the control-feel aid increased the stick force in a rapid 
pull-up by. a factor of between 2 and 5 In some, fli^^t 
conditions and, with controls free, caused an otherwise 
undamped short -period oscillation to damp out completely 
in about ll byolea. The control-feel aid also reduced 

? 

overshooting and the rate of. growth of normal acceleration 
following release of the controls with the airplane trimmed 
tall heavy; these effects were considered to be desirable 
by the pilot. As a result of the fact that no in>ovislons 
were incorporated by which the characteristics of the 
control-feel device were changed with varying airspeed, 
however, it was found that the effectiveness of the device 
became inadequate as the airspeed vjaa Increased from 
200 to 300 miles per hour. 

3. Piorther development work la required in order to 
make the control-feel aid equally effective at all fllcht 
speeds and in order to make it capable of reducing or 
virtually eliminating undesirable stick forces arising 
from the response of a bobwelght to the rapid chanj^es in 
normal acceleration which occur in flight through gusty 
air • 



l^.. The addition of viscous friction to the elevator 
control system in an amount which caused about 0.2 pound 
stick force per inch per second velocity of the stick 
grip had a negligible effect on the control-free dynamic 
stability characteristics. 



Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va, 
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APPENDIX A 



OE>iERAL SPECIFICATIONS AND DIMENSIONS OP AIRPLANE 



Name and type ...... 

En£;lne « 

Rating f 

Take-off 

Normal rated . . . . 
Military rated . . . 
Supercharger gear ratio 



. . . .Beil ?-63A-;l filter 

Allison V-I7IO-93 

1525 hp at 3000 rpa, 5^ in, 
Hg at sea level 

1050 hp at 2600 rpm, 1^3 in. 

Hg at‘ 10,000 ft 
1180 hp at 3000 rpm,. 52 In. 

Hg at 21,500 ft 

6.85:1 



Propeller (special aeroproducts type) 

Diameter 11 ft 1 In. 

Nvinber of blades 14- 

Engine -propeller gear ratio . 2.23:1 

Fuel Capacity (without belly tank), gal I36 

Weight empty, lb 

Normal'gross weight, lb..... 7 ^ 3 ^ 

Wing loading (normal gross wt), Ib/sq ft ... 50. 85 



Power loading (normal gross wt, 1050 hp), 1 'o/h.p 7*29 

Over-all height (taxiing position) ... 11 ft Ij. In# 

Over -all length 32 ft 8^ In. 

Wing: 

Span, ft 38.53 

Area (Including section through fuselage) sq ft 2lj.o 

Airfoil section, root ....... NACA 66,2x-li6 

Airfoil section, tip . NACA 66,2x-2l6 

Mean aerodynamic chord, in 82.5I4. 

Leading edge M.A.C., in. aft L.L. root chord 6,li 

Aspect ratio 5*92:1 

Taper ratio 2:1 

Dihedral (35 percent chord, upper surface), deg 3*67 

Root Incidence, deg 1.50 

Tip Incidence, deg ’‘0.I|.5 
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Horizontal tall* 

Span, in 

Total area, sq ft-. .- . 

Stabilizer area, aqft 

Total elevator area, aqft .. 

Elevator area aft of hinge center line. 

Including tab,aqft 

Elevator area forward of hinge center ■ 

. line, aq ft 

Elevator trim tab area, aq ft 

Elevator root-mean-aquare chord aft of 

hinge center line. In 

Distance elevator hinge center line to 

Xi.E. of M.A.C., In. ..... . . 
Elevator travel from stabilizer, deg down . . 
Elevator travel from stabilizer, deg up . . . 
Stabilizer Incidence from thrust axis, deg up 



k6.92 

511-.15 

12.77 

9.85 



2.92 

0.92 



11.72 

226.28 
. 15 

• 55 

1.1 



V>M 
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E-lsvafor angle from fhrusf OKiSydeg 




Figure 4,- Elevator-stick gearing relation for P-6SA-1 airplane. Effective stick length 
21 3/8 inches. Slope of curve at zero stick travel is 3.07 degrees elevator angle per 
inch stick travel. 
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Figure 5,- Variation of stick force with elevator angle for P-63A-1 airplane 
incorporating bobweight. Thrust axis 8,2 degrees up Prom, horisontal. 
Stabilizer incidence 41,1 degrees. Service stick force is measured stick 
force corrected to apply to stick length used in service airplanes. 
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Figure Diagrammatic sketch of elevator control -fee 
device tested on P-63 A- 1 airplane. 
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(a) Attached to stick. (b) Stowed. 



Figure 7.- Photographs of elevator control-feel device tested on 

P-63A-1 airplane. 
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® Down 



-fOA- 
Elevator anqle,deq 



Figure 8,- Characteristics of spring used in damping device. Measurements made 
with piston locked in cylinder. Arrows alpng curve show direction measurements 
were taken. Note discontinuity in curve around zero stick force caused by sum 
of static frictiorB of control system and that between cylinder and tube of 
control-feel device. 





ngure 9.- Variations with time of stick force Increment added by control-feel device. 
Measurements made by abruptly releasing cylinder of device from position with spring 
deflected and stick chained to airplane structure. 
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Figure 10*- Simulated short-period oscillation made on the ground at zero airspeed with 
bobireight and damping device with orifice B attached to elevator control syetea* Period 
of elevator osoillation is about 0*33 seconds. Failure of stick force to become tero 
immediately upon release of stick caused by inertia of portion of stick above force 
recorder which was located near base of stick. 
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Figure 11.- Photograph of viscous friction cylinder 
installed in rear of fuselage of P-63A-1 airplane 
Elevator control push-pull tube hidden by the 
lower portions of bulkheads. 



Service sfiCK force^ lb 




Figure 12,- Determination of amount of viscous friction added to elevator control system 
of P-63A-1 airplane. Slope of faired line gives 0.2 pound friction per inch per second 
stick grip velocity. 
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(b) Intermediate o.g. positions. 



Figure 14.- Continued. 
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(c) Rearward c.g, positions. 
Figure 14.- Concluded, 
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(a) Forward c.g. positions. 



Figure 16.— Steady turn characteristics at 25,000 feet pressure altitude with 3.7 
pound bobweight. Power for level flight at 200 mphj normal rated power at 
300 mph. 
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Figure 16,- Stick foi*ce gradients in maneuvers as functions of center of gravity pos ition. 
Stick force gradients based on 2g acceleration increment at 200 mph and on 3g acceleration 
increment at 300 mph. 
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Figure 17.- Elevator angle required in maneuvers as a function of airplane normal 

force coefficient. 
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Figure 18.- Stick fixed stability characteristics in steady left turns as a function of 
ceater of gravity position. The slopes were measured over Cjj ranges corres- 



ponding' to 2g increment in normal acceleration at 200 mph and 3g increment in 
normal acceleration at 300 -mph. 
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(a) low altitudes. 

Figure 19.- Short-period oscillation oharacteristios without bobwelght. Control-feel device with- orifice A. 
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(b) High altitudes. 
Figure 19.- Concluded. 
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(a) Lo* altitude. Pilot noted rough air In runs at 3 OO miles per hour. 

Figure 2o.-. short-period oscillation characteristics with 3*7 pound bobweight in control eyatem. Control- 

feel device with orifice A. 
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(b) High altitude. 
Figure 20.- Concluded. 
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(a) Low altitudes. 

Figure 21.- Short-period oscillation charaoteristlos with 3.7 pound bobweight for extreme rearward oenter- 
of-gravity positions. Control-feel device with orifice B. 
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(b) High altitude, 7^ = 200 mph. 
Figure 21.- Continued. 
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Figure 22.- Short-period oecillatlon charaoterlstios with J.7 pound bobwelght and viscous' friction in 
control system for forward center of gravity positions. Oontrol-feel device with orifice B. 
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Figure 23.- Stick-release pull-up characteristics without bobweight at low altitudes, control -feel 

device with orifice A. 
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Figure 2U.- Stick-release pull-up characteristics with 3*7 pound bobweight in elevator control system at 
low altitudes. Control-feel device with orifice A. 
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Figure 25 .- Stiok-release pull-up characteristics with 3.7 pound bobwelght in elevator control system at 
low altitudes for rearward center-of-gravlty positions. Control-feel device with orifice B, 
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Figure 26.- Sticlc-release pull-up characteristics with 3.7 pound bobweight and viscous friction In elevator 
control system at high altitudes for forward oenter-of-gravity. positions.. Control -feel device with 
orifice B. 
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Wgur« 27.- INitio of maximum stick force to maxiiiium acceleration in controlled pull-ups at Tarious 
rates at 5,000 feet altitude. Without bohweight, forward center of gravity positions. Control- 
feel device with orifice A. 
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Figure 29«- Bitio of aexlaun stlolc force to maximum aoceleratlon In controlled pull<mpc at rarioua 
ratee at 6,000 feet altitude. With 3.7 pound bolereight, foreard center of gnivl'^ poiltions. 
Control-feel device with orifice A. 
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Figure 29.- Ratio of maximum stick force to maximum acceleration in controlled pull^ps at various 
rates at 5,000 feet altitude. With 3.7 pound bobwelght, reaiward oenter of gravity positions. 
Control-feel device with orifice B. 
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Flgur® 30.- Ratio of maTiminn stick force to maximum acceleration in controlled pull-ups at various 
rates at 22,000 feet altitude. With 3.7 pound bolweight, rearward center of gravity positions. 
Control-feel device with orifice B. 
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